Information on causes of death is critical for informed decision making in the health sector. This paper reports fi ndings from a study that measured the accuracy of registered causes of death and quality of medical records for a sample of deaths occurring in hospitals in Colombo, Sri Lanka. Five physicians, trained in medical certifi cation of cause of death, reconstructed death certifi cates for hospital deaths from medical records and assessed the quality of medical records for this purpose. The majority of medical records were found to be of average quality. Concordance between the underlying cause of death in the vital registration data and that from the 'gold standard' (medical records review) diagnosis was 41.4% (n=249). The sensitivity of all leading causes of death and positive predictive value were below 67%. Major misclassifi cation errors were found in identifying deaths due to vascular diseases and diabetes mellitus. Certifi ed causes of death in Sri Lanka are frequently incorrect, thus limiting their value for health policy and for monitoring progress towards development goals. Sri Lanka, and other countries at a similar level of statistical development, should consider periodically conducting research to evaluate the quality of cause of death reporting at both local and national levels.
Introduction
Although cause of death is essential for informed decision making, reliable cause of death statistics are not generally available in many low-income and lower-middle-income countries, where the need for robust evidence for decision making is most critical (Gamage 2009; Abouzahr et al. 2007; Mahapatra et al. 2007) . Moreover, even when cause of death information is available from hospitals, it is often unreliable. Periodic evaluation of the quality and reliability of data from routine vital registration systems is required if the information is to be truly useful for policy development.
The civil registration system in Sri Lanka is maintained by the Registrar General's Department, established in 1867. The registration of births and deaths was made compulsory under an ordinance passed in 1885(World Health Organization [WHO] 2006). Figure 1 shows the death registration process in Sri Lanka. Registration of deaths in Sri Lanka has been assessed as relatively complete (Mathers et al. 2005) . Medical records of patients admitted to a hospital are generally expected to contain adequate evidence about the treatment for the condition(s) the person was suffering from prior to death and can therefore be used to help determine the causes that led to death including the underlying cause of death. Several previous studies in various countries (Alpérovitch et al. 2009; Sinha et al. 2008) have assessed the validity of death certification by comparing the underlying cause of death in the medical death certificate with other sources, including medical record reviews. These studies in general indicate that the agreement between causes of death from death certificates and those obtained using other sources vary by place and cause of death. The cause of death of a particular patient would usually be determined based on the opinion and knowledge of the attending physician regarding the illness and circumstances leading to death. Furthermore, the selection of the final underlying cause of death by trained coders largely depends on the adequacy of the information provided on the medical certificate of cause of death. This form is used to identify the final underlying cause of death. Occasionally, medical officers on call will certify cause of death for patients who die during the weekends and after hours. These medical officers will not necessarily be the treating physicians for some of the patients and therefore may not be familiar with the medical history of the patient. Hence, the reliability of the medical records of patients can play a vital role in ensuring the accuracy of the causes of death diagnosis on the death certificate.
Research
The 'underlying cause of death', as defined by the WHO refers to the 'disease or injury which initiated the train of events leading directly to death or the circumstances of the accident or violence which produced the fatal injury '. 1 This definition allows identification of the chain of events leading to a death, and from a public health point of view, also helps to identify measures that can be taken to intervene and prevent death (WHO 1993a) .The International Form of Medical Certificate of Cause of Death (known as the death certificate) is recommended by the WHO for international use (see Figure 2) . The WHO standard cause of death certificate form allows listing of multiple conditions that occur in chronological and pathophysiological sequence terminating in death (WHO 1993a) .The death certificate provides a framework for the organisation of clinical diagnoses to be used for public health purposes.
The death certificate is divided into three sections: Part I-outlines the diseases or conditions directly leading to death and any antecedent causes; Part II-describes other significant conditions which contributed to the death; and the right column records the approximate interval between onset of a condition and the date of death. The death declaration form for Sri Lanka (Form B 33) can be considered equivalent to the medical certificate of cause of death (Figure 3 ). This death declaration form is used by the vital registration office to compile cause of death statistics. However, this death declaration form does not use the format of the international standard death certificate recommended by the WHO. Instead, it has three lines to document causes of death: line (a) is for recording immediate cause of death; line (b) is for reporting antecedent and/or underlying cause of death; and line (c) is for reporting other contributory causes. Question 7 has a 1 http://www.who.int/healthinfo/statistics/mortdata/en/index.html part (ii) to record the place of burial or cremation, which is confusing for the certifiers.
Currently, around 48% of all deaths in Sri Lanka occur in hospitals. When determining the cause of a death occurring in a hospital, the certifying physician documents the cause of death on the first page of the medical record and then certifies the cause of death using the death declaration form. A study carried out in 1996 to assess the quality and coverage of death certification in a district in Sri Lanka estimated that the underlying cause of death was misclassified in 15.5% of cases (n= 519). The use of ill-defined terms (e.g. cardiovascular arrest) as the immediate cause of death was frequent (76.4%), and the use of non-standard abbreviations leading to misclassification was also found to be high (26.4%) (Fonseka 1996) . A study by Wijesekara (2002) in two government hospitals in a district of Sri Lanka highlighted the poor quality of documentation by the Medical Officers in terms of legibility and availability of minimum required information (Wijesekara 2002) . As in many other developing countries, the basic medical curriculum does not include adequate training on certifying causes of death and in specifying the underlying cause of death.
The importance of evaluating the reliability and validity of underlying causes of death in mortality statistics has long been recognised in public health (Moryama 1989) . Periodic validation of the quality of diagnostic information ensures that countries have a more confident basis on which to develop their policies and guide health planning (Khosravi et al. 2008) . Autopsy is generally the most reliable method to determine causes of death Lahti & Penttilä 2001) . However, given falling autopsy rates and limitations in using autopsy as a gold standard for large samples of deaths, independent medical record reviews can serve as a reasonable alternative for validation, provided studies adhere to certain standard practices and protocols (Pattaraarchachai et al.2010; Rao et al. 2007; Khosravi et al. 2008) . Benavides et al. (1989) documented review of medical records as a reliable method to assess the quality of causes of death (Benavides, Bolumar & Peris 1989) . A study to assess the quality of the underlying cause of death statistics in Hermosillo, Mexico, reported that medical records are the best source of data for cause of death studies in Hermosillo. In that study, 83% of the hospital record charts were found to have sufficient data to identify a confirmed or probable cause of death (Carvalho et al. 2011) . Many countries have assessed the validity of their routinely reported causes of death data by comparing the underlying cause of death reported by the routine registration system with medical records. Most of the studies were conducted in developed countries (Johansson & Westerling 2000 , Benavides, Bolumar & Peris 1989 Alpérovitch et al. 2009; Lahti & Penttilä 2001) . We were unable to identify any published studies carried out in Sri Lanka to ascertain the reliability of causes of death reported to the vital registration system. This greatly limits confidence in the use of Sri Lankan cause of death data for national and international health statistics, despite the considerable annual cost of collecting them.
The purpose of this study was two-fold: (a) the study sought to determine the accuracy of cause of death certification by physicians; and (b) the study described the quality and adequacy of medical records documentation to reliably identify an underlying cause of death. The main aim was to assess the quality of causes of death reported by hospitals Research through comparing the causes of death reported to the vital registration system with the causes of death assigned by the medical record review.
Method

Study population
We designed a descriptive cross-sectional study to independently determine the causes of death for a selected sample of deaths through medical record review. Gamage et al. (2009b) 2 had previously studied the accuracy of coding death certificates in the vital registration system for a sample of deaths that had occurred in 2006-2008. We used the same sample of medical records (n=1067) used by Gamage et al. (2009b) for this study. Out of the six hospitals in the Gamage et al. study, four large hospitals (which contained 98% of the medical records) responded positively; the other two hospitals (2% of sample cases) were not able to trace the medical records due to unavailability of staff during the period of the study. We obtained approval for the study from the Ministry of Health and the hospital administration in each hospital (National Hospital, Colombo South Teaching Hospital, Base Hospital Avissawella & District Hospital Nawagamuwa).
Of the 1,067 medical records (n=1067) assessed by Gamage et al. (2009b) , only 724 (65%) were traceable for the present study; traceability was lowest in the national hospital, despite extra attempts to find the medical records. This could be due to non-return of medical records to their original files in the record room after the previous study by Gamage et al.(2009b) . Medical records from the Rural Hospital Athurugiriya (n= 2) and District Hospital Moratuwa (n=15) were not obtainable due to unavailability of the staff from the medical record departments during the time frame of the study. Loss to follow-up of records (untraced) was not differential by age, sex and cause of death as reported in the vital registration system. An additional 76 medical records were excluded from the study, due to unavailability of information to arrive at a diagnosis. It was not possible to trace back these cases to the treating physicians due to the time gap between death and the study. This yielded a final sample of 648 medical records (60% of the original sample) of which 365 (56.3%) were from the National Hospital of Sri Lanka (NHSL), 212 (32.7%) from the Colombo South Teaching Hospital (CSTH) and 71 (11%) were from the Base Hospital (Avissawella). All of the records (n=17) traced from the peripheral hospital (Nawagamuwa) were excluded from the medical record review due to insufficient information to arrive at a conclusive diagnosis (See Figure 4) .
Study instrument
A data extraction form was developed by modifying the medical data extraction form (MDEF)that was used in the Grand Challenges 13 (GC13) Population Health Metrics Consortium Study (Murray et al. 2011) .
3 The WHO standard form of the medical certificate was used to construct cause of death certificates from the medical record review(WHO 1993a).
2 Gamage et al. (2009b) used stratifi ed systematic sampling based on the number of deaths reported in each hospital in the District to draw a sample of death certifi cates from the database maintained at the central vital registration offi ce in Sri Lanka. Corresponding medical records for these death certifi cates were drawn from six hospitals. 3 A copy of this instrument is available from the authors, upon request.
Data collection and processing
We recruited and trained five physicians, who had had at least five years of clinical experience. At the time of the study, three were employed at the National Hospital of Sri Lanka and two by the National Institute of Health Sciences. After an introduction to the principles of cause of death certification, a practical session was conducted using medical records. The principal investigator (RR)examined all completed death certificates and provided necessary feedback to the study physicians. Names of the deceased were not collected to ensure the anonymity of the record. Linkage to the coded death certificate maintained by the vital registration office was done through the medical record number. The clinical history, examination findings, investigation results, treatments prescribed, and referral notes were used to compose a clinical summary and to construct the death certificate. In some cases, where the cause of death was uncertain, a final underlying cause of death was arrived at through joint review by the study physician and the principal investigator. Additional clinical judgment was sought from relevant experts where necessary to confirm the underlying cause of death.
We then assessed the adequacy of the information contained in each medical record to determine a diagnosis on a 5-point scale (very weak, weak, probable, good, strong and confirmed evidence). This is similar in concept to the previous work by Rao et al. on strength of evidence categories (weak, probable and confirmed) ).We also assessed the quality of medical records on a 5-point scale across seven variables related to general quality of medical record keeping (legibility, sufficiency of measurements for diagnosis, completeness of information, recording of duration of disease/conditions, use of non-standard abbreviations, recording of opinions of consultants/specialists, and overall opinion regarding the quality of the medical record). The completed death certificates were sent to the National Institute of Health Sciences in Sri Lanka for coding by an expert coder (SG). This expert coder is the chief mortality coding trainer at the ICD training center in Sri Lanka with over 10 years' experience in teaching ICD coding. The objectives of the study were discussed with him before the mortality coding was performed. The use of a single expert coder eliminated any potential bias due to inter-rater differences. 
Statistical analyses
An underlying cause of death code was selected for each case based on the 10 th Revision of the International Statistical Classification of Diseases and Related Health Problems (ICD-10). These codes were then entered into an Access database and aggregated using the ICD-10 Mortality Tabulation List 1(WHO 1993b) consisting of 103 cause categories. These aggregated data were used for all subsequent analyses in this study. The SPSS statistical data package was used for data analyses.
Results
Demographic data
Male deaths comprised 60.5% of the study sample; 34.1% were females. The sex of the deceased was not specified on 35 (5.4%) medical records. Incomplete recording of demographic data is a serious quality issue by itself. This sex distribution is similar to that for all hospital deaths in Sri Lanka (62.8% males, 37.2% females) in 2007, and to that of all reported deaths (61% males and 39% females)(Ministry of Health Sri Lanka 2006).The age distribution of the study sample closely matched the age pattern of deaths reported for the study period by the Registrar General for Sri Lanka, suggesting that the study sample was representative of mortality patterns in the country (Department of Census and Statistics in Sri Lanka 2009)(see Figure 5 ). 
Strength of evidence available in the medical record to arrive at cause of death
The reliability of the medical diagnosis of underlying causes of death in this study depends strongly on the availability of accurate and sufficient information in the medical records. Diagnoses based on weak evidence may not be very useful or meaningful. The results of the study physicians' assessment of the strength of evidence recorded in the medical records to arrive at causes-of-death is summarised in Table  1 . We combined categories one and two as 'weak evidence', four and five as 'confirmed evidence' and took category three as 'average' or 'probable evidence' (Table 1) . These findings clearly demonstrate that for almost all diseases, the majority of medical records are at best of 'average' quality (50.1%, n= 302). The proportion of medical records that fall into the good or confirmatory evidence category for all causes is very low (8.3%, n= 50).Based on this assessment, we selected sub-sample of cases (n=372) for which the quality of medical evidence was considered adequate (i.e. average or better) to arrive at a diagnosis of cause of death with confidence. The cause distribution of this subset of cases was similar to that of the original sample (see Figure  6) suggesting that the quality of medical evidence in the medical records did not differ substantially by cause. The misclassification matrices were constructed for both samples (Table 3: original sample; Table 4 : subsample with average or confirmatory evidence). 
Agreement on cause of death
Of the 648 medical records studied, the corresponding death certificate from the vital registration records could only be found for 602 deaths. Of these, the same underlying cause of death in the vital statistics and the medical records review was assigned in less than half (41.4%; n=249) of cases when matched at ICD three character level. When publishing data on causes of death, the Registrar General's Department does not distinguish between in-hospital and out-of-hospital deaths. National causes of death data still shows a high proportion (18% in 2005) of deaths reported to ill-defined causes due mainly to the poorer quality of certification for out-of-hospital death (Department of Census and Statistics in Sri Lanka 2009). The lower proportion of deaths reported to ill-defined categories among in-hospital deaths does not necessarily mean that the cause of death reported by the hospital is the true cause of death. To assess the level of accuracy in reporting cause of death by the routine reporting system we looked at concordance between the two sources and compiled a misclassification matrix of causes of death.
Measures of validity
We used sensitivity, positive predictive value and cause specific mortality fractions as measures of validity of causes of death. Sensitivity measures the proportion of actual causes of death which are correctly identified in the routine vital registration system. Assuming cause of death from the medical record review with adequate or better quality information is the gold standard cause of death, the sensitivity of all leading causes of death in these hospitals was found to be below 65%, indicating serious quality issues with cause of death certification. The vital registration system has an average sensitivity of 50-75% in reporting deaths due to heart diseases, diseases of the liver and cancers of the gastrointestinal tract. * As reported by the Vital registration system ** C17, C23-C24, C26-C31, C37-C41, C44-C49, C51-C52, C57-C60, C62-C66, C68-C69, C73-C81, C88, C96-C97 
Research
The positive predictive value (PPV), or post-test probability of disease, is the proportion of patients with a given cause of death that is correctly recorded in the vital registration system. It measures the probability that an assigned cause of death actually reflects the correct underlying condition and depends on the prevalence of the disease. PPV has been proposed as a useful operational measure of the reliability of a death registration system, as it reflects both test validity in terms of sensitivity as well as the proportion of deaths in the sample due to a cause of interest ).The findings for positive predictive values in our study are mostly similar to the findings for sensitivity, with none of the diseases having good PPV. The highest PPV was reported for cancers of the gastrointestinal tract (67%) with only three other diseases (diseases of the liver, ischemic heart disease, cerebro-vascular disease) reporting a PPV over 60%. Both sensitivity and positive predictive value have wide confidence intervals due to the small number of cases for most causes (See Table 2 ).A cause specific mortality fraction is calculated by dividing the total number of deaths due to a specific cause by the total number of deaths. This gives an indication of the relative importance of each cause. The change in cause specific mortality fraction gives an indication of how the relative importance of each cause changed after the review. For example, in the sample of 602 deaths, 94 were assigned by the vital registration system to diabetes mellitus, but on further review of the medical records of all 602 cases, only 34 were actually confirmed as being diabetes mellitus deaths. Sixty of the 94 were incorrectly diagnosed and were assigned to other causes by the medical record review. Conversely, the review found that 28 deaths, assigned by the vital registration system to other causes, were in fact deaths caused by diabetes mellitus. Hence, the 'true' number of diabetes mellitus deaths in the sample of 602 cases was not 94 as recorded by the VR system, but 62 (34 + 28) as confirmed by medical record review. The 'sensitivity' of the VR system in capturing diabetes mellitus deaths is 34 (correctly diagnosed)/62 (actual cases) = 54.8%. The fraction of deaths suggested by the VR system as being due to diabetes mellitus in the sample was 94/602 (CSMF from VR) or 0.16, whereas the true fraction was actually 62/602 (0.10) (CSMF from GS) confirmed from medical records (gold standard).These parameters were then re-analysed to exclude cases for which medical records fell into 'poor or below average information' categories in terms of availability of information to arrive at the cause of death. This analysis revealed similar findings with only a marginal increase in sensitivity for ischaemic heart disease, chronic lower respiratory diseases, diseases of the genitourinary system, cerebro-vascular diseases, cancers of the trachea, bronchus and lung, and blood and immune disorders (results not shown but available upon request).
Calculation of validation characteristics
Misclassifi cation
A misclassification matrix is helpful to understand in more detail, the pattern of misclassification of leading causes of death as reported by the vital registration system. We identified major misclassification errors in identifying deaths due to vascular diseases and diabetes mellitus. Thirty percent of deaths due to ischaemic heart disease, the leading cause of death, were misclassified to diabetes mellitus and other heart diseases, 25% of deaths due to diabetes mellitus (third leading cause of death) were misclassified into various diseases of the circulatory system. Deaths from diseases of the liver, the second leading cause of death, were misclassified over a surprising wide range of causes (Table  3) .Compensatory diagnostic errors to some extent mitigate errors in overall cause specific mortality fractions (CSMF) in the sample, but substantial errors remain nonetheless. Of particular interest is the very poor concordance for external causes of death. Twenty of the 24 deaths in reported to external causes were redistributed to natural causes upon medical record review. We re-analysed the extracted medical histories but this did not change the underlying causes of death given by the medical record review. This finding was rather unexpected but warrants further study.
A more rigorous assessment of misclassification in identify underlying causes of death among hospital deaths in Sri Lanka can be obtained by restricting the analysis to those cases with adequate (or better) clinical information to arrive at cause of death. This is shown in Table 4 . At best, approximately half of the deaths from leading causes such as ischemic heart disease, diseases of the liver and diabetes mellitus were correctly reported in the vital registration system.
Discussion
Medical records are widely expected to contain full and accurate information about the patient's current condition(s), treatments and events that led to death. However, there is limited research evaluating the quality of medical records and the accuracy of cause of death diagnoses written by treating physicians. In this study, we attempted to re-identify the underlying causes of death for 724 patients based on a review of medical records from selected hospitals in the capital district of Sri Lanka. We found that cerebrovascular diseases were the most undercounted in the vital registration system, while external causes of mortality and diseases of the respiratory system are most overcounted. This would suggest a relatively large implied change in the cause specific mortality fraction (CSMF). This finding is in contrast to studies by Rao et al. and Carvalho et al. where they report C a n c e r s o f t h e G I t r a c t 4 1 1 6 L i v e r c a n c e r 4 2 1 7
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T r a c h e a , b r o n c h u s a n d l u n g c a n c e r 1 2 1 1 5 Research minimal or no misclassification of cerebrovascular diseases in their studies Carvalho et al. 2011) . The consequences of such misclassification of leading causes of death could be substantial for public health programs since strategies and approaches to prevention are different for each disease category. Our study also found that deaths due to external causes are likely to be over-estimated in routine vital statistics in Sri Lanka. Rao et al. (2007) in China also reported a similar finding of redistribution of external causes to natural causes following medical record review. However, a compensatory allocation of natural causes of death to external causes was not observed in our study. This could be partially explained by the fact that medical records lack information on external causes and injuries due to lack of understanding of doctors on correct certification practices for external causes of death. Independent review of clinical evidence contained in the medical records of deceased patients by physicians trained in correct certification procedures can yield important insights into the reliability of routine cause of death data, particularly in developing countries. Countries invest in vital statistics systems in the belief that data produced can correctly describe the leading causes of death in populations and can track over time how these are changing. One of the major issues affecting diagnostic accuracy in Sri Lanka is not using the international standard death certificate to report the cause of death. The current death certificate sometimes leads to confusion in reporting and selecting the final underlying cause of death. Introduction of the WHO standard death certificate is a priority to improve the quality of cause of-death certificates in Sri Lanka (Gamage 2009a ).This intervention alone would contribute greatly to improving the quality of cause of death reporting for the country.
Our study has some important limitations. The comparatively small sample size (2% of hospital deaths in Sri Lanka) might hinder the generalisability of our findings to the whole country. Furthermore, although our sample has reasonable concordance with hospital mortality patterns in terms of the age-sex distribution of deaths, the sample was only drawn from selected hospitals in the capital district and was largely dominated by deaths from the national hospital of Sri Lanka. The small number of deaths that occur in each age group, especially at younger ages, made it difficult to calculate reliable estimates of cause-specific mortality fractions by age and sex. This suggests that our findings about systematic and non-compensatory over diagnosis of injury deaths should be viewed cautiously because this could have been due to chance. For more common causes, such as major vascular disease, the findings about serious diagnostic misclassification are likely to be unaffected by the sample size.
Conclusion
Nonetheless, our findings about the validity of causes of death reporting are of immediate relevance for health authorities in Sri Lanka. Periodic auditing of a small sample of medical records using the same methodology and communicating findings to the doctors and other officers involved in medical record documentation is a simple procedure that would have great impact on improving the quality of cause of death reporting in the country. There are multiple, but important steps that could be taken to improve the accuracy of physicians' diagnoses. Basic medical education should give more emphasis to training medical undergraduates in writing a proper cause of death certificate. The public health importance of accurate cause of death statistics should be emphasised more in the training of physicians. One of the major findings of our study was that although evidence for accurate documentation of the underlying cause of death information is often available in the medical record, it is not always reflected in the death declaration form. This form is used by the vital registration system in tabulating cause of death statistics. Practical advice about constructing a proper death certificate needs to be emphasised in the training.
Studies to evaluate cause of death statistics have many advantages and can be done at various levels of data collection. Apart from providing an indication of the level of cause of death misclassification, such studies would also help to improve understanding about the effectiveness of public health measures. They also provide valuable information to hospital administrators regarding the quality of medical record documentation. Sri Lanka and other countries at a similar level of statistical development, should consider periodically conducting research to evaluate the accuracy of causes of death statistics. This should occur both at local and national levels, given the critical role of mortality statistics in the formulation of health policy and for monitoring progress with development goals.
